This experiment was conducted to determine the effects of boric acid (BA) (60 mg/kg of feed) and plant extract mixture (Fitococci, F) (0.75 g/kg of feed), individually or in combination, on egg production, egg quality parameters and blood cholesterol concentration of laying hens in 23 wk of age. After wk 7 of the trial the level of boric acid in feeds were increased to 180 mg/kg. The feeding period lasted 14 wk. One hundred ninety-two pullets (Hyline) were randomly divided into control and 3 treatment groups each containing 48 birds and 6 replicates (each with 8 birds). At the end of the experiment there were no significant effects of dietary boric acid and plant extract mixture inclusion on feed efficiency, egg weights and egg production, egg quality parameters (shell thickness, breaking strength, and shape index) compared with control. But feed intake of hens which were supplemented with plant extract mixture and boric acid were increased (P<0.01). It was also determined that there were no effects of treatments on blood cholesterol levels. As a result, since hens which were fed with basal diet plus plant extract mixture showed better feed conversion ratio at 9-10 wks, this combination of feed additives can be added to diets without any adverse effect on laying hens. But inclusion of 60 mg/kg boric acid is considered better than 180 mg/kg with regard to feed efficiency in laying hens.
INTRODUCTION
Plant extracts and herbs have been used for thousands of years by many cultures to enhance the flavour and aroma of foods. Scientific experiments since the late 19 th century have documented the anti-microbial properties of some spices, herbs and their components [1] . Supplementation of feed additive (0.75 g/kg Fitococci) had no significant effects about egg weights, egg quality parameters and serum cholesterol whereas it had negative effects (P<0.05) on egg production and feed efficiency compare with the control [2] . Even though usage of plant extract in laying hen diets like as feed additive is already known subject addition of boron/boric acids into rations is substantially new issue in this area.
Boron is primarily obtained from boron mines, located in arid regions of Turkey [3] . Boric acid based on biochemistry of boron. Kurtoglu et al. [4] showed that boron provided significant improvements on serum Ca levels and damaged egg ratio but no significant difference between the controls and the boron supplemented groups (50, 100, 150, 200 and 250 ppm) about feed consumption, feed conversion ratio, egg production, body weight and egg weight. Eren et al. [5] found that similar findings about B addition to laying hen diets at level of 400 ppm resulted negative values of live weight, feed consumption and egg productivity parameters.
This experiment was conducted to determine the effects of boric acid and plant extract mixture supplementation on egg production, egg quality, and serum cholesterol in laying hens.
MATERIAL and METHODS

Layers, Experimental Design and Diet
This research was carried out on 23 wks old, totally 192 laying hens (Hyline White 98). The birds were randomly divided into 4 groups according to the dietary regimen and each group was constituted by 6 subgroups of 8 birds. The experimental protocol was approved by the local Ethics Committee of the Ankara University. In the control group, chickens were fed with basal standard diets based on corn and soybean meal, more specifically with a layer diets [16.5% crude proteins (CP) and 2750 kcal/kg metabolisable energy (ME)] for all experiment period (for 14 wks, Table  1 ). Birds from the groups 2 and 3 received standard diets supplemented with boric acid (BA) (60 ppm) or Fitococci (F) (0.75 g/kg) respectively whereas in the group 4, hens were supplemented with both of these additives (FBA) (60 ppm boric acid plus 0.75 g/kg humate). The dosage of boric acid from wk 8 to end of the trial was increased. Feeds were analyzed for nutrients (Table 1) according to the reference methods [7] . During the experiment feed and water were given to hens ad libitum. The birds were housed in battery cages with automatic drinker design during the 14 wks experimental period. The temperature maintained at 20-22°C according to normal management practice. Chicks were maintained on a 17 hours constant light schedule until the end of the experiment.
Plant extract mixture (Fitococci®) includes Origanum vulgare (thyme), Thymus vulgaris (oregano), thyme oil, garlic oil, anise oil and fennel oil. Active ingredients: 1,8-Cineole (0.24%), Allicine (0.24%), Alliine (0.12%), AlphaPinene (0.12%), Alpha-Terpineol (0.70%), Borneol (0.18%), Caffeic-Acid (2.28%), Camphene (0.08%), Carvacrol (4.48%), Eugenol (0.12%), Geraniol (1.04%), Limonene (0.56%), Linalool (0.96%), Myrcene (0.18%), P-Cymene (2.38%), Phenol (0.86%), Polyphenol (6.00%), Tannin (12.9%), RosmarinicAcid (7.60%), Terpinen-4-Ol (0.06%), Ursolic Acid (1.92%), Tymol (3.26%).
Performance Analysis
During the experimental period, the egg production of the hens was evaluated by daily recording whereas feed consumption recording weekly. Egg samples were collected, stored (at room temperature for one day) and [6] weighed biweekly. Feed conversion ratio was calculated as kilograms of feed consumed per kilogram of egg produced. An additional sample of 6 eggs was randomly collected from each experimental group every 14 days to assess egg quality parameters which were shape index, breaking strength and shell thickness.
Biochemical Analysis
At the end of the trial, blood samples (5 mL) were obtained from each one bird from every cage by the brachial vein for determine blood cholesterol level of hens. These samples were allowed to clot at room temperature for 6 hours and then they were centrifuged at 1500 g for 10 min at room temperature. Serum were carefully harvested and stored at -20°C until analysis. The serum cholesterol concentrations were analyzed using commercial kits (Teco Diagnostic, 1286 Anaheim, CA 92807).
Statistical Analysis
All data were analyzed by ANOVA using SPSS 11.50 program (Inc., Chicago, II, USA). Significant differences among treatment were determined using Duncan's multiple range tests [8] with a 5% level of probability. Table 2 shows the result of dietary boric acid and plant extract mixture on feed consumption. Over the whole experimental period, feed consumption was increased (P<0.01) by addition of boric acid (BA) and combination of feed additives (FBA). Feed convertion ratio (FCR) was not affected by supplemented or not with boric acid and/or plant extract mixture (Table 3 ). However at 9-10 th wks of treatment, FCR for hens was significantly decreased in 1 st trial group (F) while BA significant increased of it compare the control group (P<0.01). The egg yield and weight results were also summarized in Table 4 . These parameters for performance were not significantly modified by the supplementation with boric acid and/or plant extract mixture combination over the whole experimental period. At the end of trial it was observed that there were no effects of dietary additions on egg quality parameters (shell thickness, breaking strength, and shape index) compared with control (Table 5 ). In same way, blood cholesterol levels were not affected by boric acid and/or plant extract mixture (Table 6 ). 
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DISCUSSION
The experiment has shown that after dose escalation of boric acid the feed consumption and feed conversion ratio of hens fed boric acid were significantly different from those of the control. Yesilbag and Eren [9] found that similar findings like as Olgun et al.
[10] about supplementation of boric acid to the laying hens diet significantly increased the feed consumption while it did not affect the feed efficiency. These results are in agreement with the results of studies involving hens on supplementations of boric acid. At the same time there is a negative correlation with other study [11] which tried to determine different level of boron (25, 50, 75 ppm) effects on feed consumption and feed convertion ratio in laying hens. They did not find any significant differences about performance parameters of hens with supplementation of boric acid. Also, while Elkin et al. [12] reported that 1-sterilboronic acid had no effect on feed consumption and feed efficiency, Koksal et al. [13] reported that boric acid (90 ppm) supplementation to the hen diet decreased the feed convertion ratio. This differences was quantitatively accounted for by a difference level of the boron and different boron sources.
For the entire of experimental period, egg weight, egg yield and egg quality were similar for the present additives, results that agree with previous reports [9, 14, 15] , which have shown that egg performance and egg quality were not affected by different level of boric acid in the diet. Moreover, Kurtoglu et al. [4] reported similar performance in laying hens when 50, 100, 200 and 250 ppm boric acid was added to the diet. Koksal and Kucukersan [2] indicated that plant extract mixture had no significant effect on egg production and egg quality in laying hens. Present study in a harmony with the other studies [16] [17] [18] [19] [20] [21] [22] that supplemented plant extract and essential oils to the diets. In contrast, Qin and Klandorf [15] reported that first two wks of spawning period, supplementation of 100 ppm boron, and the remaining three wks supplementation of 60 ppm boron decreased egg production in the level of boron addition of both.
In the current study, no significant variations in cholesterolemia were observed among groups. This result is positive correlation with the study [22] which determined the level of 60 ppm boric acid and Koksal and Kucukersan [2] which determined the level of 0.75 g/kg plant extract mixture had no effect on serum cholesterol concentration in broilers and laying hens, respectively. In addition, Sizmaz and Yildiz [23] reported similar result in broilers when 175 ppm boric acid added to the diet. Results that agree with earlier studies in rabbits [24] , in broilers [25] , which have shown that cholesterolemia were not affected by boric acid supplementation to the drinking water and to the diets, respectively. In contrast, previous studies [15, 21, 26] showed that plant extract reduced the serum cholesterolemia in layings. The differences about results between other studies and ours can be caused by using of different composition and different levels of plant extracts.
We conclude that boric acid and plant extract mixture can be used successfully in laying hen diets. The effects of supplementation of plant extract mixture and boric acid during the laying period on egg production and egg quality parameters were investigated, and their effectiveness was compared. Supplemental plant extract mixture and boric acid combination had linear effects on production parameters including increased feed intake (during the trial) and feed convertion ratio (9-10 wks). However, they had no specific effects on egg quality parameters. 
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